INTRODUCTION
The tectonic development of the Klamath Mountains province involved multiple contractional events, which led to the progressive accretion of predominantly oceanic terranes onto the western North American continental margin (Irwin, 1972 (Irwin, , 1981 Harper and Wright, 1984; Harper et al., 1994; Irwin and Wooden, 1999; Fig. 1) . Many of these tectonostratigraphic terranes represent parts of oceanic to near-continental arc sequences subsequently intruded by plutonic magmas that ranged from ultramafic to silicic. Some of these plutons are "pinning plutons" (after the terminology of Howell et al., 1985) that intrude across regional, terrane-bounding faults, whereas other plutons are truncated by regional faults. Thus, precise dating of these plutons provides important constraints on the timing and duration of tectonic activity within the Klamath Mountains province (e.g., Lanphere et al., 1968; Davis et al., 1978; Irwin, 1985; Wright and Fahan, 1988; Irwin and Wooden, 1999) .
One of the most important and widespread contractional events in the Klamath Mountains province was thrusting of terranes of the western Paleozoic and Triassic belt (Irwin, 1972) over terranes of the western Jurassic belt (Blake, 1984; Blake et al., 1985) . This event typically emplaced higher-grade rocks of the hanging-wall allochthon onto lower-grade rocks of the footwall along the east-rooted, west-directed Orleans fault (Hershey, 1906 (Hershey, , 1911 , a regional thrust fault with a minimum horizontal displacement of ~70 km (Jachens et al., 1986) . In the central Klamath Mountains, the age of thrusting is constrained by ca. 153-Ma detrital zircon ages in footwall rocks of the Galice Formation (Miller et al., 2003) and the ca. 150-Ma Summit Valley "pinning pluton" (Harper et al., 1994) . This orogenic event (commonly referred to as the "Nevadan orogeny"; Blackwelder, 1914; Taliaferro, 1942; Snoke and Barnes, this volume) also involved polyphase folding of the metasedimentary rocks of the footwall (Upper Jurassic Galice Formation; e.g., Snoke, 1977; Harper and Wright, 1984; Harper et al., 1994; Gray, this volume) .
The Bear Mountain intrusive complex consists of two large plutons, a number of smaller intrusive bodies, and associated dikes (Snoke et al., 1981; Bushey et al., this volume) . The large proportion of ultramafic and gabbroic to dioritic rocks that comprise the Bear Mountain intrusive complex suggests that this intrusive complex is the underpinnings of a primitive oceanic arc (Snoke et al., 1981 . Initial U-Pb zircon radiometric dat-318
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The pattern of mineral dates from the composite pluton intruded into the Blue Ridge intrusion as well as the areally more extensive Punchbowl unit indicate that crystallization of these bodies occurred over 1.5-2 m.y., due to either insulating effects of the intrusive complex and/or magma recharge.
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ing of the Bear Mountain intrusive complex yielded Late Jurassic (i.e., Nevadan) ages. Specifically, Saleeby et al. (1982) reported ages as old as ca. 153 Ma and as young as ca. 149 Ma. As the timing of thrusting on the Orleans fault was refined, it became apparent that these U-Pb zircon dates suggested a syn-thrusting emplacement history for the Bear Mountain intrusive complex. This chapter reports the results of high-precision dating of zircon and titanite (sphene) from several intrusive units in the Bear Mountain intrusive complex. The data are interpreted to suggest that the intrusive complex was emplaced immediately after thrusting ended, although field and petrographic evidence indicates that deformation continued during the emplacement of the intrusive complex. These new data also indicate a protracted (several m.y.) magmatic history of the Bear Mountain intrusive complex, which has important implications for the longevity of magmatism in arc-related settings.
GEOLOGIC SETTING
At the present level of exposure, the Bear Mountain intrusive complex intrudes the Rattlesnake Creek terrane, including the late Middle Jurassic (ca. 164 Ma) mafic complex of the Preston Peak ophiolite (Snoke, 1977; Saleeby et al., 1982; Harper et al., 1994) . Furthermore, the Bear Mountain pluton truncates the Twin Peaks fault, a north-south-striking fault that separates the rocks of the mafic complex on the west side of the fault (footwall) from serpentinized peridotite of the basement complex of the Rattlesnake Creek terrane on the east side (hanging wall) of the fault (Fig. 2) . This fault is interpreted as a highangle, reverse fault related to the Orleans fault system (Preston Peak fault [thrust] of Snoke, 1977) , the terrane-bounding fault that separates the Rattlesnake Creek terrane from the western Klamath terrane, including the Upper Jurassic Galice Formation (Fig. 1 ). In the same light, the Bear Mountain intrusive complex truncates the northwest-southeast-striking, South Siskiyou Fork fault (Snoke, 1977; Fig. 2) associated with the Orleans fault (see Bushey et al., this volume, for a more detailed discussion of the field relationships). These field relationships thus suggest that the Bear Mountain intrusive complex was emplaced after tectonic juxtaposition of the Rattlesnake Creek terrane above the western Klamath terrane. The age of the Upper Jurassic Galice Formation, which is widespread and the stratigraphically highest unit in the western Klamath terrane, is based on the presence of the pelecypod Buchia concentrica (Sowerby), which ranges from the late Oxfordian to middle Kimmeridgian (Imlay, 1959) and the presence of ca. 153-Ma detrital zircon grains (Miller et al., 2003) . The contact-metamorphic effects in the country rocks surrounding the Bear Mountain intrusive complex are widespread and locally intense (Snoke et al., 1981; Bushey et al., this volume) . Rocks of the Rattlesnake Creek terrane commonly reached hornblende-hornfels-facies conditions in the inner aureole of the Bear Mountain intrusive complex and locally reached pyroxene-hornfels-facies conditions (two-pyroxenebearing mafic rocks; Fig. 2 ). The rocks of the inner aureole are chiefly hornblende schists or fine-grained amphibolite with a pervasive foliation and commonly a steeply plunging mineral lineation, defined by hornblende grains. Subordinate metasedimentary rocks (chiefly siliceous meta-argillite) are intercalated with the metabasic rocks of the inner aureole. Some of the metabasic rocks of the Rattlesnake Creek terrane were partially melted in the inner aureole, yielding migmatitic amphibolites with tonalitic leucosomes (Snoke and Barnes, 2002) .
The Bear Mountain intrusive complex was initially subdivided into five broad lithologic units based chiefly on petrography (Snoke et al., 1981) : (1) ultramafic and gabbroic rocks of the Blue Ridge intrusion, other small ultramafic intrusive bodies, and related dikes; (2) biotite-two-pyroxene monzodiorite/ diorite; (3) heterogeneous hornblende-rich gabbro and diorite and related dikes; (4) leucocratic rocks, chiefly biotite ± hornblende tonalite and granodiorite; and (5) late dikes (mafic to felsic). Field relationships, including the contact metamorphism of clinopyroxenitic dikes of unit 1 by unit 2, indicate that the Blue Ridge intrusion and other satellitic ultramafic-gabbroic bodies are the oldest units of the intrusive complex. Leucocratic rocks intrude all other units except the late dikes; however, it was not clear whether these leucocratic rocks represented a single stage of magmatism or encompassed the entire Bear Mountain intrusive complex time interval. Relative relationships between units 2 and 3 were much more equivocal, but Snoke et al. (1981) concluded that unit 2 was older than unit 3. Recent geologic mapping by Bushey et al. (this volume) has revised these subdivisions, particularly in regard to units 2 and 3. These authors designate three plutonic units in the northern part of the Bear Mountain pluton: Buck Lake, Punchbowl, and Doe Flat. The Buck Lake unit is basically equivalent to unit 2 of Snoke et al. (1981) , whereas the Punchbowl and Doe Flat units are unit 3 of Snoke et al. (1981) . Bushey et al. (this volume) younger than either the Buck Lake or Punchbowl units, whereas field relationships between the latter two units suggest a rough synchronicity. The new geochronological data presented in this chapter support this basic chronology.
URANIUM-LEAD GEOCHRONOLOGY
Five samples were collected from the Bear Mountain intrusive complex to determine the crystallization ages of different intrusive phases and overall duration of magmatism in the intrusive complex. The samples include a biotite-hornblende tonalite (DP2-20z) that is part of a small, composite pluton emplaced into the Blue Ridge intrusion (Fig. 2) ; two samples from the Punchbowl unit (Bushey et al., this volume) , a predominantly hornblende-pyroxene gabbro-diorite (DP4-8z and 10z); a biotite-two-pyroxene diorite from the Buck Lake unit (DP1-13z) previously dated by Saleeby et al. (1982) ; and a late, undeformed crosscutting mafic dike (DP1-35z) that provides a lower age limit on magmatic activity during the development of the Bear Mountain intrusive complex.
Zircons were recovered and analyzed from each of these samples, and three of them also contained magmatic titanite (sphene). The titanite data are particularly useful, for titanite typically exhibits neither significant Pb loss nor inherited xenocrystic cores (e.g., Frost et al., 2001) , both of which can add significant complexity in the interpretation of zircon data. The majority of the zircon analyses come from air-abraded grains, but some unabraded grains were also analyzed to test for metamorphic overgrowths and to monitor the overall effect of air abrasion on discordance. Two zircon fractions were analyzed by the annealing and partial dissolution method of Mattinson (2005) , termed "chemical abrasion thermal ionization mass spectrometry," or CA-TIMS. This method is touted to reduce Pb loss effects in young zircons more effectively than simple mechanical abrasion. Sample locations are shown in Figure 2 ; data are presented in Tables 1 and 2 . Laboratory procedures are described in Table 1 . Concordia coordinates and radiogenic ages of individual analyses were calculated by using model mantle Pb isotopic values for 150 Ma (Zartman and Doe, 1981) for initial Pb and assigning variation in these values that approximates the range of modern-day measured mid-ocean ridge basalt (MORB). Model values were used rather than measured isotopic compositions of coexisting feldspars, because the samples had little to no alkali feldspar and measurements of plagioclase are typically slightly radiogenic, due to in situ decay of uranium. Notes: d, nm represent angles of diamagnetic and paramagnetic susceptibility on a barrier style Frantz separator at 1.4 amps; nm1.0a represent lower amperage paramagnetic splits. Mineral dissolution and chemistry were adapted from methods developed by Krogh (1973) , Parrish et al. (1987) , and Mattinson (2005) . Aliquots of dissolved sample were spiked with a mixed Pb value was greater than 200, and all other isotopes in Faraday collectors. Mass discrimination factors of 0.108 to 0.060 ± 0.06 %/amu were determined for Pb based on silica gel batch and replicate analyses of National Institute of Standards and Technology (NIST) SRM 981; U mass discrimination was consistently 0.0 ± 0.06%/amu. Procedural blanks for zircon decreased from 10 pg to less than 5 pg Pb during the course of the study. Uranium blanks were consistently less than 1 pg. Sphene blanks were 20 pg Pb and less than 1 pg U. Concordia coordinates, U-Pb dates, Pb isochrons, weighted averages, and uncertainties were calculated using PBDAT and ISOPLOT programs (Ludwig 1988 (Ludwig , 1991 ; initial Pb isotopic compositions estimated by the Zartman and Doe (1981) model mantle for 150 Ma. The decay constants used by PBDAT are those recommended by the IUGS Subcommission on Geochronology (Steiger and Jäger, 1977) U date of 420.11 ± 0.59 Ma), in good agreement with the ROM date for R33 (Black et al., 2004 affect a few analyses; many of the zircon and titanite analyses are insensitive to the choice of initial Pb isotopic composition, as they have high ratios of radiogenic to common Pb. Correction of 206 Pb/ 238 U dates for possible Th/U disequilibrium followed Schärer (1984) . The disequilibrium corrected dates are used for all 206 Pb/ 238 U weighted average dates; they overlap in error with the uncorrected values (Table 1) .
Biotite-Hornblende Tonalite (DP2-20z)
This sample is part of an intermediate to felsic, composite pluton intruded into the Blue Ridge ultramafic-gabbroic intrusion (Fig. 2) . Field relationships indicate that the Blue Ridge intrusion is the earliest stage of the Bear Mountain intrusive complex (Snoke et al., 1981) . Because zircon has not been observed in the Blue Ridge intrusion, this composite, crosscutting pluton provides the best means of constraining the age of the host ultramafic-gabbroic intrusion. The older part of the composite pluton is medium-grained, augite-hornblende quartzbearing diorite with accessory titanite. This phase of the composite pluton contains scarce olivine xenocrysts, presumably derived from the host Blue Ridge intrusion. The dated sample intrudes the quartz-bearing diorite. It is a medium-grained, biotite-hornblende tonalite. Zircon is present as <10-µm inclusions in hornblende, biotite, and plagioclase, and as intergranular crystals as much as 100-µm long. Titanite commonly forms subhedral decorations on hornblende. Some grains show rational faces against adjacent crystals, whereas other grains are ragged, Zircons from this sample appear to be a single morphological population of colorless to pale yellow euhedral grains that are interpreted to be magmatic. There is a wide range in size of the isolated zircon grains, from 350 µm to less than 50 µm in length. Fractions of small and large-sized grains were picked separately to test for any age bias. Zircons appear to be free of cores under visible light. Titanite grains are large (250-400 µm in diameter), euhedral to anhedral grains that range in color from dark to pale yellow. Pale titanite overgrowths occur occasionally on darker cores. Dark titanite commonly indicates a higher temperature growth than pale titanite (e.g., Frost et al., 2001; Aleinikoff et al., 2002) . Thus, end-member representatives were selected and analyzed separately to determine whether there was an age progression in titanite growth.
The U-Pb data from titanite and zircon plot in a broad array on a concordia plot (Fig. 3A) Pb composition that is more radiogenic than the Stacey and Kramers (1975) model could bring the titanite dates into concordance with the zircon date, but it would also produce more scatter in the titanite dates and push the dark titanite date to younger values than the pale population. We favor the Zartman and Doe (1981) Pb isotopic values for 150 Ma (Zartman and Doe, 1981) . This result strengthens our interpretation that model mantle Pb isotopic compositions are appropriate as estimates of initial Pb for these analyses. The pale titanite results do not plot on the isochron from the other three titanite analyses (Fig. 3B) and have a distinctly younger 206 Pb/ 238 U date (149.4 ± 0.73 Ma; Table 1 , Fig. 3A ). This result is consistent with the observation of pale overgrowths on darker titanite and suggests to us that either the pluton crystallized slowly as it cooled over a 1-to 2-m.y. period, or a slightly younger magmatic event triggered an additional pulse of titanite growth in this body (see below). U date of dark titanite from DP4-8z is outside errors of both Punchbowl zircon dates for the Zartman and Doe (1981) reduction, but overlaps the zircon date of DP4-10z when reduced with Stacey and Kramers (1975) Pb (~0.9), pale titanite has the highest (~3.0), and the yellow titanite analyses are intermediate (~2.5). We interpret these results to indicate that the U/Th composition of the melt evolved by preferential incorporation of Th into accessory phases and that this evolution took 1-2 m.y. in this pluton, based on the ages of the end-member titanites. Variations in U/Th between minerals and parental magma can lead to age biases in young rocks due to deficits or excesses of radiogenic 206 Pb (Schärer, 1984 Pb as a measure of Th in the minerals and a magma Th/U of 2.85 based on measured compositions from the Bear Mountain intrusive complex (Bushey et al., this volume) . The effect of this correction is slight, with changes of only 0.02-0.08 m.y. for the titanite dates (Table 1) , and it fails to narrow the age differences between dark titanite, pale titanite, and zircon over a wide range of magmatic Th/U values (Fig. 5) .
We interpret the Pb isochron date of 150.5 ± 0.61 Ma from dark and yellow titanite as the best estimate for the age of initial crystallization of this pluton. On this basis, the zircon data either reflect slightly later crystallization in the pluton (149.3 ± 0.3 Ma) or some degree of Pb loss (0.6-3.5%) despite rigorous air abrasion of grains for two of the analyses and chemical abrasion for another. Calculated zircon saturation temperature (Watson and Harrison, 1983 ) for this sample is 842 °C, based on chemical compositions reported in Bushey et al. (this volume) . This temperature is consistent with relatively late zircon crystallization in a dry, tonalitic cumulate. It is also possible that the dark titanite grew in the earlier quartzbearing dioritic magma. If so, then the dark titanite could represent xenocrystic material from the older host rock. In this case, however, the dark titanite would have had to retain its older U-Pb date for several 100 k.y. as the later magma evolved to tonalite and precipitated zircon and pale titanite. Closure temperatures of at least 700 °C have been reported for titanite in metamorphic settings (Scott and St-Onge, 1995) .
Pyroxene-Hornblende Gabbro, Punchbowl Unit (DP4-8z and DP4-10z)
This unit is part of a large, composite pluton that is exposed over ~40 km 2 . It consists of pyroxene-hornblende gabbro that locally grades into anorthositic gabbro as well as biotitehornblende (quartz-bearing) diorite (Snoke et al., 1981; Bushey et al., this volume) . Modal proportions vary considerably, even at the outcrop scale. Most samples have major and trace element compositions suggestive of accumulation from a high-Al basaltic magma (Bushey et al., this volume; Barnes et al., this volume, Chapter 17) . Two samples were collected for geochronology: a coarse-grained, slightly pegmatitic sample with hornblende, plagioclase, biotite, and minor quartz (DP4-8z) and a late-stage, magmatic pod (DP4-10z) with distinctive, concentric layers of plagioclase and hornblende, weakly developed harrisitic texture, and a coarse-grained interior (3-cm crystals; Fig. 6 ). The hornblende is prismatic, with interstitial to poikilitic plagioclase (~An 60 ). Accessory phases are Fe-Ti oxides, interstitial alkali feldspar, and subhedral to anhedral titanite up to 1.5 mm in length. Ragged fractures in the hornblende show replacement by epidote ± fine-grained titanite ± chlorite, and the plagioclase shows deformation that ranges from bent crystals to subgrain development. This pod crosscuts magmatic foliation in the pyroxene-hornblende gabbro and is interpreted as a pocket of late, H 2 O-rich liquid in the crystallizing pluton. Both samples yielded zircon and titanite. Zircon from both samples are large (~750 × 450 µm, typically) and anhedral. The titanite from DP4-8z ranges in color from dark and reddish to pale yellow, although no core-rim relationships were detected. The titanite from DP4-10z is more uniformly honey colored.
The zircon data from DP4-8z, the texturally earlier sample of the Punchbowl unit, display a range in 206 Pb/ 238 U dates from 151.2 to 145.1 Ma (Table 1, Fig. 7A ). All of these analyses are from single grains, and five of the seven were air abraded. Four of the analyses of air-abraded zircon plot in a tight cluster with overlapping 206 Pb/ 238 U dates and indicate a weighted average of 147.7 ± 0.23 Ma. Analyses of dark titanite and one single zircon have older 206 Pb/ 238 U dates, ca. 149.5 and ca. 151 Ma, respectively. We interpret the date from the older zircon to reflect slight inheritance, because it is so much older than those from all the other analyses. The two zircon analyses that are younger than the cluster of four are interpreted to reflect Pb loss. The 206 Pb/ 238 U date from the cluster of four zircons is interpreted as the crystallization age of zircon in this sample, although it is possible that there is some Pb loss even in these analyses. However, the data from the pale titanite analysis lie on a linear regression of these four zircon analyses on a (Fig. 7C) . Including the titanite data yields an isochron date of 147.43 ± 0.33 Ma with a good linear fit (MSWD = 1.42). This date is indistinguishable from the weighted average 206 Pb/ 238 U date of the zircon alone and is interpreted to indicate that the pale titanite grew at the same time as these zircon grains. The data from dark titanite is off the linear regression of the pale titanite and zircon analyses (Fig. 7C) Pb for the two titanite analyses are distinct as well (0.9 versus 2.6) and support our interpretation that titanite grew over a 2-m.y. period. The pattern of mineral dates is very similar in this sample to the pattern in DP2-20z discussed above, and we interpret them to record a progression of crystallization of the pluton. Initial crystallization occurred at 149.5 ± 0.64 Ma, based on data from dark titanite, and was followed 1-2 m.y. later by crystallization of zircon and pale titanite.
The U-Pb data from DP4-10z, the late magmatic pod in the Punchbowl unit, is slightly less complicated, because there is only one morphology of titanite, and the data from two titanite analyses are internally consistent. Titanite data yield a weighted (Table 1) . Data from two fractions of small, air-abraded zircons overlap this date and produce a four-point, titanite and zircon, U date of the two titanite and two airabraded zircon analyses, 148.24 ± 0.30 Ma. This date is barely within error to slightly older than the date of crystallization of pale titanite and zircon from the texturally earlier Punchbowl sample, DP4-8z, and 1-2-m.y. later than the dark titanite date from that sample (Fig. 4B) . The Taken together, the data from these two samples of the Punchbowl unit are interpreted to record a protracted period of crystallization. Dark titanite commonly has higher Fe and Al content (e.g., Aleinikoff et al., 2002) and grows at higher temperatures than pale titanite (Frost et al., 2001 ). The is from a coarse-grained, pyroxene-hornblende gabbro that is fairly typical of the intrusion. DP4-10z is from a distinct, late-stage magmatic pod, shown in Figure 6 . Isochron date from four air-abraded zircon fractions and pale titanite data from DP4-8z (147.43 ± 0.33 Ma; filled symbols in C) agrees with the radiogenic 206 Pb/ 238 U date of the four air-abraded zircon fractions alone (147.68 ± 0.23 Ma in A) and is interpreted to indicate that pale titanite grew at the same time as zircon in this sample. Data from dark titanite plot above this isochron and reduce to an older radiogenic 206 Pb/ 238 U date of 149.5 ± 0.64 Ma. The late, magmatic pod (DP4-10z) yielded only one morphology of titanite. Zircon and titanite grew at the same time in this sample (148.24 ± 0.30 Ma), slightly earlier than the growth of pale titanite and zircon in DP4-8z. Taken together, these data document 1-2 m.y. of crystallization in the Punchbowl unit, either due to multiple pulses of magma injection or protracted crystallization. Both samples also contain evidence for slight inheritance of zircon that is at least 151 Ma in age.
haps at lower temperatures. Calculated zircon saturation temperatures for these samples are ~640-650 °C (Watson and Harrison, 1983; Bushey et al., this volume) , reflecting the cumulate nature of this unit and near-solidus crystallization of zircon.
Biotite-Two-Pyroxene Quartz-Bearing Diorite, Buck Lake Unit (DP1-13z)
This is a medium-to coarse-grained plutonic unit with tabular plagioclase, ortho-and clinopyroxene, and oikocrystic biotite. The analyzed sample contains scarce alkali feldspar, but other samples from the outcrop have poikilitic alkali feldspar and are monzodioritic. The Buck Lake unit is distinct from the Punchbowl unit in the relative abundance of alkali feldspar and paucity of primary hornblende (Snoke et al., 1981; Bushey et al., this volume) . Field relationships between the Buck Lake and Punchbowl unit have been interpreted to suggest synchronicity (Snoke et al., 1981; Bushey et al., this volume) . Zircon grains are euhedral, prismatic, 100 × 250 µm, and honey colored. No titanite was recovered from this sample. The U-Pb data from seven multigrain analyses plot in a relatively tight cluster with 206 Pb/ 238 U dates that range from 149.1 ± 0.5 to 147.4 ± 0.5 Ma (Fig. 8) . The spread in dates is interpreted to reflect a combination of inheritance and Pb loss. Our best estimate for the crystallization age of the unit comes from the weighted 206 Pb/ 238 U date of four air-abraded zircon fractions and one chemically abraded fraction: 148.2 ± 0.2 Ma (Fig. 8, Table 1 ). This date is within error of the last stages of crystallization of the Punchbowl unit and 2-3 m.y. later than the initial crystallization date of the tonalite (DP2-20z). Saleeby et al. (1982) Pb ratios of our data are significantly higher (1400-20,000), and the calculated dates are less sensitive to choice of initial isotopic composition. It is also possible that the Saleeby et al. (1982) analysis included a significant inherited component, as there is evidence for the presence of inheritance in our data, and they dissolved about one-hundred times as many grains for their analysis as we did.
Late Mafic Dike (DP1-35z)
This sample is from a quartz-bearing pod in a 2-m-thick, medium-to fine-grained, hornblende quartz diorite dike. The dike crosscuts foliation in the inner aureole of the Bear Mountain intrusive complex, lacks penetrative deformation, and its age thus places a lower limit on the timing of magmatism of the intrusive complex. The sample is an unusual 0.25-m-diameter portion of the dike, with visible free quartz, ~3 mm in size, and a matrix that is finer than the rest of the dike. The pod can be due to either late-stage differentiation or partial digestion of a country rock. We prefer the former interpretation, because quartz is intergrown with all of the primary phases in the sample. The zircons are relatively small (~150 µm or less in length), euhedral, yellow grains. Visible inclusions exist in many of the grains. The U-Pb data from seven multigrain fractions show the widest dispersion of any of the samples in this study, with 206 Pb/ 238 U dates from ca. 153 to 142 Ma. We interpret the data to imply that most of the zircon grew during crystallization of the dike and is not derived from significantly older country rock. Data from one fraction of inclusion-rich grains that were strongly air-abraded are distinctly discordant and have a 207 Pb/ 206 Pb age of 264 Ma. These results establish that inherited zircon components exist and that they are at least 260 Ma and may be as old as Paleoproterozoic (Fig. 9) . Our best estimate of the crystallization age of the zircon comes from the weighted 206 Pb/ 238 U average date from two fractions of air-abraded zircon (145.4 ± 0.4 Ma; Fig.  9 ). Data from three other analyses are interpreted to reflect some inherited components, and one fraction of unabraded grains displays Pb loss. The date of ca. 145 Ma is clearly later than that for all other samples (Fig. 10) , consistent with the field relationships, and establishes a maximum duration of magmatism in the Bear Mountain complex of 4-6 m.y. Moreover, this age is similar to U-Pb ages determined for the nearby Bear Peak and Pony Peak plutons (Allen and Barnes, this volume) .
DISCUSSION
The new geochronological data presented in this chapter are complex and fairly difficult to interpret as precise crystallization ages, because each sample produced a 3-to 10-m.y. range of dates. The spread in dates reflects minor inheritance and Pb loss, but also adds insight into duration of crystallization processes. Even in the most conservative interpretation, the data establish that the Bear Mountain intrusive complex was emplaced between ca. 151 and 147 Ma, with a minimum duration of 1.5 m.y. (Fig. 10) . If the late mafic dike is considered to be part of the complex, then the duration of magmatism could have been as much as 6 m.y. The new data also support the relative chronology determined from field relationships, although they clearly argue against using petrographic characteristics as indicative of a general age progression during magma genesis. For example, leucocratic rocks commonly intrude the mafic rocks of the Bear Mountain intrusive complex. The sample of biotite-hornblende tonalite (DP2-20z) that yielded the oldest ages in this new geochronological study is from a satellitic, composite pluton that intrudes the Blue Ridge ultramafic-gabbroic intrusion. The absolute age of this leucocratic rock, however, is older than dated samples from either the Punchbowl or Buck Lake plutonic units.
The age pattern from old, dark titanite to younger, pale titanite and zircon in the Blue Ridge and Punchbowl samples has 330 K.R. Chamberlain et al. intriguing implications for crystallization processes and mineral isotopic systematics. One possible interpretation of this pattern is that the dark titanite grains are xenocrystic and inherited from an earlier body. We are not aware of a previously documented occurrence of inherited titanite in magmatic rocks, so this could be the first recorded instance of the phenomenon. This interpretation would also imply U-Pb closure temperatures in titanite that are higher than generally accepted (600-700 °C; e.g., Frost et al., 2001; Aleinikoff et al., 2002) for the older age to survive during generation of the new pluton. An alternative interpretation of the age pattern for titanite and zircon is that the data have captured a crystallization history of 1.5-2 m.y. in each pluton. The tonalite intruded into the Blue Ridge intrusion (DP2-20z) is a differentiate in the core of a composite pluton (Fig. 2) , so it is conceivable that cooling and crystallization was relatively slow (1-2 m.y.). The Punchbowl unit is a complex body produced by multiple intrusive sheets (hundreds to thousands of them), so a model of protracted crystallization in this body is certainly possible. It is important to note, however, that the Punchbowl unit exhibits more or less uniform magmatic foliation, and there must have been sufficient interstitial melt to permit communication of strain throughout the composite pluton as it cooled. We envision that later pulses of magmatism either slowed the cooling and crystallization process by injecting additional heat, or actually spurred pulses of crystal growth through renewed fluids and heat. A combination of these processes is also possible. At this stage, we favor the protracted crystallization interpretation, although we cannot completely rule out xenocrystic titanite. Coleman et al. (2004) and Glazner et al. (2004) invoked incremental assembly by successive sheets to explain the nearly 4-m.y. range of zircon dates for the Half Dome granodiorite of the Tuolumne intrusive suite. Our data from the Bear Mountain intrusive complex differ from their results in that we have documented protracted crystallization histories (1-2 m.y.) within single samples. The zircon dates from the Half Dome granodiorite young toward the center , consistent with protracted crystallization, although the authors do not favor this interpretation. Both studies demonstrate that simple thermal models of cooling and crystallization may be too simplistic, and that detailed, high-precision geochronology in plutonic complexes can elucidate fine-scale features of crystallization.
The new dates on the Bear Mountain intrusive complex place constraints on the timing of deformation in the region. The South Siskiyou Fork fault (Snoke, 1977; Snoke et al., 1981; Fig. 2 ) is truncated by the Punchbowl unit of the Bear Mountain intrusive complex and thereby predates 149.5 ± 0.6 Ma. This northwest-southeast-striking, high-angle fault is interpreted as a tear fault associated with the Preston Peak (thrust) fault (Snoke, 1977) , a local equivalent of the regional Orleans fault system. Upper Jurassic Galice Formation is part of the footwall block of the Orleans fault and contains ca. 153-Ma detrital zircon grains (Miller et al., 2003) . Thus, the South Siskiyou Fork fault must have formed between 153 and 149 Ma. This relationship indicates that the Bear Mountain intrusive complex was emplaced subsequent to the development of the Orleans (Preston Peak) fault and that the emplacement of the intrusive complex post-dated regional thrust faulting associated with the Late Jurassic Nevadan orogeny (Snoke and Barnes, this volume) .
Combining our results with new dates on other plutons in the western Klamath Mountains (e.g., Allen and Barnes, this volume) suggests that the Bear Mountain intrusive complex is part of a long-lived magmatic (arc) pulse that began as early as ca. 151 Ma, probably during Nevadan-age thrusting, and extended at least to ca. 144 Ma (e.g., age of the Pony Peak pluton). In fact, magmatism in the Klamath Mountains continued, with no younger thrusting events, until ca. 136 Ma. However, there seems to be a distinctive set of mainly dioritic plutons that crop out in the western Klamath Mountains that intrude either the Galice Formation (of the western Klamath terrane) or Rattlesnake Creek terrane. Every one of these plutons that has been dated has an age between 150 and 144 Ma (Irwin and Wooden, 1999; Allen and Barnes, this volume) . In addition, the Bear Mountain intrusive complex and other "western Klamath" plutons share a number of geochemical similarities, which supports the idea that they are part of a distinct episode of arc magmatism (Barnes et al., this volume, Chapter 17) .
CONCLUSIONS
The U-Pb data from titanite and zircon have established that the Bear Mountain intrusive complex was emplaced between 151 and 147 Ma, after the Late Jurassic Nevadan orogeny. Emplacement and crystallization of the complex took at least 1.5 m.y. and may have lasted 6 m.y. Based on age ranges of titanite and zircon, crystallization of individual plutons may have taken 1.5-2 m.y. The timing of deformation of the South Siskiyou Fork fault, an oblique-slip tear fault associated with the Preston Peak (thrust) fault (Orleans fault system), is constrained to the period from ca. 153 to 149 Ma. The Bear Mountain intrusive complex is part of long-lived pulse of arc magmatism that lasted from 151 Ma to at least 144 Ma.
